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Knowledge distillation based spatial channel dual autoencoders
for unsupervised anomaly detection

Liang Xiao Chen Ying

(Key Laboratory of Advanced Process Control for Light Industry ( Ministry of Education) , Jiangnan University, Wuxi 214122, China)

Abstract: In industrial detection scenario, according to whether anomalies that do not exist in normal samples are introduced, anomaly
detection problems can be divided into two categories: structural anomaly detection and logical anomaly detection. Logical anomaly
detection places higher demands on the global understanding ability of the network. Faced with the problem that the existing unsupervised
anomaly detection model has a good detection accuracy on structural anomalies, but cannot meet the requirements of logical anomaly
detection, a dual autoencoder structure consisting of spatial reunion module and channel reunion module is proposed. Our method
consists of three components: Initially, the parallel space channel dual autoencoder architecture is introduced, by obtaining feature
vectors containing global information from spatial and channel directions, the long-range dependencies of the network is improved.
Secondly a selective fusion module is designed to fuse the information of the dual autoencoder and amplify features containing important
information to further improve the ability to express logical anomalies. Lastly cosine loss is proposed to the loss function between
autoencoder and student network to avoid the network being sensitive to individual pixel differences, so as to focus on global differences.
We conducted experiments on MVTec LOCO AD dataset, and achieved 89.4% in logical anomaly detection accuracy, 94.9% in
structural anomaly detection accuracy, and 92. 1% in average detection accuracy, surpassing the baseline method and other unsupervised
defect detection methods, verifying the effectiveness and superiority of the method.
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Table 1 The detection results on the MVTec LOCO AD dataset, the results for each category are reported

as Logical anomalies/Structural anomalies, the overall averages are reported as Logical anomalies/Structural

anomalies ( L/S) and the average of all (%)
WiR7S RES R Sk 1R 224 A FHI(L/S) Ty
SPADE 81.8/74.7 91.9/84.9 60.5/58. 1 46.8/59. 8 73.8/57. 1 69.0/78.9 74.0
STPM 68.9/68. 4 82.9/74.7 59.5/90.3 55.5/87.0 65.4/96. 8 66.4/88.3 77. 4
GCAD 87.0/80.9 100/98.9 97.5/74.9 56.0/70.5 89.7/78.3 86.0/80.7 83.4
SINBAD 96.5/87.5 96.6/93. 1 83.4/74.2 78.6/92.2 89.3/76.7 88.9/84.7 86.8
RD 66.7/60. 3 93.6/95.2 63.6/84.8 54.1/89.2 75.3/95.9 70.7/85. 1 77.9
DADF 75.8/74. 8 98.7/98. 4 76.7/85.3 66.2/88. 4 78.6/94.2 79.2/88.2 83.7
DSKD — — — — — 81.2/86.9 84.0
EfficientAD 85.0/87.3 97.5/99. 8 96.7/93. 8 57.8/91. 1 96.7/98.3 86.7/94. 1 90. 4
AL 85.5/88. 6 99.6/99.8 98.7/95.6 65.9/92.4 97.4/98.2 89.4/94.9 92.1
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(a) Logical anomaly
image

(b) R4 ST H# S
(b) Local branch
heatmaps

(c) BRI
(¢) Global branch
heatmaps

(d) FrH s
(d) Output heatmaps

(e) STPM#ir i # 7
(e) Ouutput heatmaps of
STPM

(H) RD¥H# Iy L

(f) Output heatmaps of
RD

rﬁL:l‘Jx y

(2) IEH BB
(g) Normal image
template
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GERALT L7 AT S R T R
Fig. 5 The visual results of the proposed method, EfficientAD, STPM and RD on logical anomalous images, in sub-figures (b) ,

(c¢) and (d), the results of EfficientAD are shown above and the result this research method are below
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(a) Structural anomaly
image
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(b) Local branch
heatmaps
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(¢) Global branch
heatmaps
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(d) Output heatmaps
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(e) Ouutput heatmaps of
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(f) Output heatmaps of
RD

(2) HAEAK
(g) Groundtruth image
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Fig. 6 The visual results of the proposed method, EfficientAD, STPM and RD on structural anomalous images,
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in sub-figures (b), (c¢) and (d), the results of EfficientAD are shown

above and the results this research method are below
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F2 THRAERBERSERMN
FATX AE SHIR)HRISCIR G R
Table 2 Ablation results of spatial reunion module,

channel reunion module and parallel dual AE structure

By JEFWAE SRM CRM P¥I(L/S)/% FH/%

1( Baseline) 86.7/94.1 90. 4
2 Vv 87.6/94.2 90.9
3 VvV 87.8/94.0 90.9
4 vV 87.3/94.5 90.9
5 Vv vV 88.0/94.5 91.3
6 VvV vV 87.8/94.8 91.3
7 Vv vV VvV 88.2/94.6 91. 4
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(a)Input anomaly image
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(b)Normal image template + CRM)
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Fig.7 The ablation visualization results of spatial reunion module and

channel reunion module on logical anomaly images
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(a)Input image (logical anomaly)
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(b)Normal image template
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Fig. 8 The ablation visualization results of parallel dual AE and single AE model in series on logical anomaly images
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Table 3 Ablation results of SFM and CSF loss function

SEH W AE+SRM+CRM  SFM  CSF loss “F-3 (L/S) /% F-35/ %

1( Baseline) 86.7/94. 1 90. 4

8 vV 87.0/94.6  90.8

7 Vv 88.2/94.6  91.4

9 2 vV 89.2/94.7  91.9

10 vV vV 88.4/94.7  91.5

11 VvV vV Vv 89.4/94.9 92.1
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